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ABSTRACT 

A trace contaminant analysis was undertaken in order to 
determine the toxicity hazard associated with the use of 
submarine compressed air for SDV shelter breathing. Atten- 
tion was focused primarily on carbon monoxide, hydrocarbons, 
and the Freons. The analysis included an evaluation of the 
following areas: 






(a) nature and degree of contamination 
normally encountered on board sub- 
marines, 

(b) toxicological effects of the atmos- 
pheric constituents, 

(c) allowable limits for the contaminants 
of interest, commensurate with SDV 
shelter personnel exposure patterns. 



Based on the results of the toxicity analysis, it was con- 
cluded that compressed submarine atmospheres are safe for 
use as diver breathing air provided that excess CC>2 and oil 
mist are removed prior to introduction to breathing manifolds 
and scuba flasks. Contaminant control equipment can be 
limited to a CC > 2 absorber, an oil mist filter, and to monit- 
oring equipment for carbon monoxide, carbon dioxide, hydro- 
carbons and Freons. ytkArftBcarThZtWNinfoH^ 
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I. 



INTRODUCTION 



The use of air which has been compressed from the submarine 
atmosphere for SDV shelter personnel respiratory require- 
ments has raised questions concerning potential toxicity 
hazards. Within the submarine envelope, a large number of 
organic and inorganic contaminants are produced from various 
sources, viz., respiration, smoking, cooking, operating 
machinery, refrigerant leaks, and off-gassing of solvents 
from paints, adhesives and sealers. Control of potentially 
hazardous trace contaminants is accomplished by an air puri- 
fication and revitalization system comprised of activated 
charcoal filters, catalytic burners, and an MEA (C0 2 ) scrubber. 
Additionally, the use of particularly troublesome substa 



For this analysis, attention will be focused primarily on 
total hydrocarbons (aromatic and aliphatic) , chlorinated 
hydrocarbons, Freons and carbon monoxide. The toxicity 
problems associated with carbon dioxide and oil mists were 
addressed prior to this study, and appropriate removal 
systems have been designed into SDV shelter air supply piping. 

The aim of this study is to evaluate the need for an addi- 
tional control and/or monitoring systems required to assure 
a safe supply of breathing air to SDV shelter personnel. 

In order to conduct such an evaluation, the following must 
be determined: 



on board submarines is restricted or prohibited. 
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(Continued) 



4a) The nature and degree of contamination 

normally encountered on board submarines, 

(b) The toxicological effects of the atmos- 
phere constitutents , and 

Allowable limits for the contaminants of 
interest, commensurate with SDV shelter 
personnel exposure patterns. 



II. 



SDV SHELTER BREATHING AIR PURITY REQUIREMENTS 



Current U.S. Navy standards for the purity of diver breathing 
air and submarine habitability are presented in table 1 for 
those atmospheric constituents of primary interest. Nuclear 
submarine habitability standards have been developed and 
verified over the past 30 years for a large number of poten- 
tially hazardous trace contaminants. The levels reflect, 
in some instances, the production of potentially toxic sub- 
stances by the ship's air revitalization equipment. BuMed 
air purity standards for non-saturation (surface-supplied) 
diving are limited to oxygen, carbon dioxide, carbon monoxide, 
total hydrocarbons, and oil mist. The levels correspond to 
a maximum diving depth of 165 feet. The maximum design 
depth for SDV shelter operations is 200 feet, although depths 
will not normally exceed 165 feet. It should be noted that 
the non- 



industrial Threshold Limit Values (TLV's) have been included 
in table 1 as additional parameters in the assessment of 
submarine atmosphere breathability . TLV's refer to airborne 
concentrations and represent conditions under which it is 
believed that nearly all workers may be repeatedly exposed 
(8 hours/day, 5 days/week) without adverse effect. Except 
for fast-acting compounds which are controlled by ceiling 
limits, short-term excursions above the TLV are generally 
permitted, provided they are compensated by equivalent excur- 
sions below the TLV. When used for diving operations at 200 
feet, a depth correction of (33 ft/200 ft) must be applied to 
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TABLE 1 



Limits for Atmospheric Constituents, PPM 



yon 

N 



Submarine Atmosphere 



Contaminant 


(1) 

Saturation 


Non (2) 
Saturation 


90 Days 


24 Hours 


TLV 


Carbon dioxide 


5000 


1000 


5000 


10000 


5000 


Carbon monoxide 


10 


20 


15 


200 


50 


Methane 


1000 


- 


13000 


13000 


- 


Methanol 


200 


- 


10 (3) 


200 


200 


Total hydrocarbons 


10 


25 


- 


- 


- 


Aliphatics 






60 mg/m 


- 


- 


Aromatics 






10 mg/m^ 


- 


- 


Benzene 


1 


- 


i 


100 


10 


Halocarbons 


1 


- 


(3) 


- 


- 


Methyl chloroform 


- 


- 


2.5 


10 


350 


Trichloroethylene 


- 


- 


0.1 


- 


100 


Vinyl idene chloride 


- 


- 


2.0 


10 


10 


Freons 






200 (3) 






Dichlorodif luoromethane (R-12) 


- 


1000 


1000 


Dichlorotetraf luorethane (R-114) - 


- 


200 (3) 


1000 


1000 


Trichloromonof luoro- 
methane (R-ll) 




- 


5 (3) 


20 


1000 


Oil mist 


1 mg/m^ 


5 rng/m^ 


- 




5 



NOTES: (1) Recommended guidelines are surface equivalent values 

(NAVMAT P-9290, June, 1976). 

(2) Specified in the U.S. Navy Diving Manual for Surface- 
Supplied Diving Air, June, 1978. Levels corresponds 
to a maximum depth of 165 feet. 

(3) Based on decomposition in CO/H^ burner. 
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II. 



(Continued) 



each contaminant TLV to compensate for. the effect of increased 
partial pressure. ^ The effects of increased total pressure, 
per se, on the complex interaction between toxic substances 



and normal metabolic processes remain largely unknown, and 



<7 




will be ignored for purposes of this study . 'AspuGflX 

n>X'ioL*X]/t4,<.j(Jfccr5 <-■< cv/)pim 
c. r nci//?t, r n S '6<e*. <OcT 

Le 2 summarizes the exposures to submanne^compressed air> 
anticipated for SDV shelter personnel during all phases of j 
vehicle launching and recovery. The normal exposure patter 
are seen to be less severe than those encountered in industr^f^, __ ' 
As such, TLV's, properly adjusted for diving operations, 
should provide safety criteria for SDV shelter breathing air 
purity. In the case of a highly complex mixture of contam- 
inants, such as exists in the submarine atmosphere, the com- 
bined effect of the contaminants should be given primary 
consideration. In the absence of information to the contrary, 
the effects of the different toxicity hazards should be con- 
sidered as additive. That is, if the sum of the following 






fractions : 



(where = contaminant concentration) 



n 



n 



TLV, 



TLV, 



TLV 



n 



i=l 



C i /TLV i 



is greater than one, then the TLV of the mixture is considered 
to be exceeded. 



It should be borne in mind, however, that TLV's are essen- /J 

tially guidelines, and may not be applicable to all exposure 
conditions. Therefore, it is important to consider also th v/Aser/tit 
nature of the contaminant, its inherent chronic or acute 



toxicity, and length of exposure. 



/ 



'■W'SS/jyj 7V 
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TABLE 2 



SDV Shelter Exposure Patterns 





(2) 

Normal Exposure 


Decompression 

Treatment 


Time for 
Each Evolution 


Frequency 
Of Evolution 


Mk VIII Vehicle 
Launch and 
Recover 


Training 


3 hours 


2/day, 5 days/ 
Quarter 


- 


Operational 

Mission 


2 hours 


1/6 months 


- 


Mk IX Vehicle 
Launch and 
Recover 


Training ^ 


3 hours 


2/day, 5 days/ 
Quarter 


- 


Operational 

Mission 


3 hours 


1/6 months 


- 


Standard Decompression 
At 165 Feet 


- 


17 hours 


Diving Emergency 




35 hours 



NOTE: 



(1) Training depth will not normally exceed 70 feet. 

(2) Evolution times and frequencies are assumed values. 





















III. 



BREATHABILITY OF SUBMARINE ATMOSPHERE 



This section consists of an evaluation of the breathability 
of the submarine compressed air supply for SDV shelter per- 
sonnel respiratory requirements. Involved is an assessment 
of contamination levels and associated toxicological effects 
in the context of a highly complex mixture of atmospheric 
constituents. The subsequent analysis includes those toxic 
substances which have been of primary concern to the Navy, 
viz., aromatic hydrocarbons, chlorinated hydrocarbons and 
acid gases, and Freons, as well as carbon monoxide. 

A tfhRL jpA/% '* no o(d7dU 

Information relating to submariner atmosphere contamination / 
during the 1960's and 1970's been o£>tained from the 
results of the Naval Research Laboratory's ongoing atmos- 
phere monitoring program 3 ^ These contamination 

levels were then compared to appropriate threshold limit 
values and submarine 90 days limits in order to ascertain 
the likelihood of any potential toxicity hazards. In 
addition, the acute and chronic toxicities of specific com- 
pounds were reviewed. 

Carbon Monoxide 



Carbon monoxide is an odorless, toxic gas whose primary source 
on board submarines is cigarette smoking. Secondary sources 
include human metabolism and operating machinery. Cigarette 
( smoking appears to have been declining in recent years. On 
the average, only one-half of the crew, and one-third of 
^ the officers smoke on a regular basis. These proportions may 
vary significantly from ship to ship. 

^ ^ /4 .pi , ( / jrstAj yyi ( 



U^i/irC d id >S Ci'mL 
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n 



u 



Hemoglobin has an affinity for carbon monoxide 210 times 
greater than that for oxygen. When carbon monoxide com- 
bines with hemoglobin to form carboxy-hemoglobin, HbCO, 
the capacity of the blood for exchange and transport of 
oxygen and carbon dioxide is diminished. A condition equiva- 
lent to hypoxia is produced. The level of HbCO in the blood 
slowly approaches an equilibrium value that depends upon the 
ratio of carbon monoxide to oxygen in the breathing gas. 

Therefore, the acceptable level of carbon monoxide in the w ... p. 

1 fh r 

breathing gas is dependent upon the oxygen content instead 
of the carbon monoxide partial pressure. 



\ A 



BuMed's diving air standards limit carbon monoxide to 20 ppm 
in air containing 20.8% oxygen. At this level, HbCO concen- 
tration in the blood will be *»2%, a level below which the 



first sign of carbon monoxide toxic j 

According to Sax ^ , concentrations of up to 10% HbCO 
in the blood rarely produce any symptons. Repeated exposures 
to low concentrations of the gas, up to 100 ppm in air, is 
generally believed to cause no signs of carbon monoxide 

to 50 ppm 




are permitted in industrial situations. Far 

higher concentrations can be tolerated in emergencies, with 
varying levels of discomfort. Because carbon monoxide is 
slow acting, levels up to 200 ppm in air 



over a 24 hour period, with no significant levels of discomfort. 



Table 3 shows carbon monoxide contamination levels in the 
range of 10-30 ppm for the submarine fleet. For SDV shelter 
operations under normal and exceptional exposure conditions, 
these levels will pose no toxicity hazard. It is recommended 
that the levels of carbon monoxide in the high pressure air 
supply be monitored so that concentrations higher than 30 ppm 
can be brought to the attention of SDV shelter personnel. 
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TABLE 3 



l 

h-» 

0 

1 



Carbon Monoxide - Contamination Levels, PPM, and Toxicity Limits 




(2) Industrial Threshold Limit Values (ACGIH) , depth adjusted to 200 feet, 

(3) NAVSHIPS 0938-011-4010 » "Nuclear Powered Submarine Atmosphere Control". 

(4) Sax, N.I., "Dangerous Properties of Industrial Materials", 4th Edition. 








o 



Hydrocarbons 

Organic compounds are the most important class of trace 
contaminants which are present in the submarine atmosphere. 
Included in this class are aromatics, aliphatics, olefins, 
chlorinated hydrocarbons, Freons, and a complex mixture of 
miscellaneous organics. 

These compounds have been quantitatively identified in 

(2 3 4 5) 

various NRL reports, ' ' ' the results of which are 

included in the tables below. 

Aromatics, Aliphatics and Olefins 

Contamination levels and toxicity information for aromatic, 
aliphatic and unsaturated hydrocarbons are presented in 
tables 4, 5, and 6. With the exception of methane, these 
compounds can be traced to solvents, oils, cements and 
sealers, as well as to the by-products of smoking, cooking, 
and decomposition of hot oils. With the exception of the 
lower hydrocarbons (C^ - C^) , both the aromatics and higher 
aliphatics are controlled via oxidation in the ship's catalytic 
burner and by adsorption onto the main charcoal filter. 

The reported contamination levels evidence a distinct trend 
towards "cleaner" submarines from 1960 through the end of 
the 1970's. 

1970 , to a low of 10 ntg/m 3 by 1978 . This dramatic 

improvement can be attributed to: (a) gradual compliance 

with regulations restricting painting on board submarines, 

/ r \ 

promulgated in 1965 ' , (b) the prohibition and/or restric- 

tion of the use of potentially toxic substances, such as 
aromatic hydrocarbons, and (c) the upgrading of air revit- 
alization system capabilities and maintenance requirements. 
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Aromatic Hydrocarbons - Contamination Levels, PPM, and Toxicity Limits 





Contamination Levels Reported 


TLV^ 


(3) 

Submarine 


Toxlclt 


<4) 


Compound 


I960 


1970 


1978 


200’ 


90 Day Limit 


Acute 


Chronic 


* Benzene 


0.01 


0.02 


-C 0.1 


1.7 


1.0 


Moderate 


High 


* Toluene 


0.25 


0.08 


•40.1 


17 




Moderate 


Moderate 


* Xylene 


1.27 


0.41 


< 0.1 


17 


f— * 

o 


Moderate 


Moderate 


* Ethylbenzene 


0.21 


0.09 


•£ 0.1 


17 


a 

09 


Moderate 


Moderate 


* Propylbenzene 


0.04 


0.03 


<0.1 


- 


eT 

to 


Moderate 


Moderate 


* Mesitylene 


0.29 


0.06 


<0.1 


- 


ho 


High 


High 


* Ethyl toluene 


0.34 


- 


< 0.1 


17 


• 

Cn 


Slight 


Moderate 


* Pseudocumene 


0.57 


0.16 


<0.1 


- 


B 


Moderate 


Moderate 


* Indane 


- 


— 


<0.1 


— 


S-/ 


Unknown 


Unknown 


£ C n /TLV< 5) 


0.17 


0.06 


< 0.05 






j 





(1) Based on data from NRL reports; References (2), (3), (4) and (5). 

(2) Industrial Threshold Limit Values (ACGIH) , depth adjusted to 200 ft. 

(3) NAVSHIPS 0938-011-4010, "Nuclear Powered Submarine Atmosphere Control". 

(4) Sax., N.I., "Dangerous Properties of Industrial Materials", 4th Edition. 

(5) Relates contaminant levels to TLV of mixture. Assumes effects are additive* 

* Prohibited for use on board submarines (NAVSEA 0938-011-4010) . 



